Introduction
Renewable and clean sources of energy have generated a great deal of interest because of the depletion of fossil fuels. Among the promising candidates for new energy sources, organic solar cells (OSCs) have been regarded as a promising next generation solar energy harvesting device due to their excellent flexibility, ease of processing, and low cost of fabrication for large area cells [1] [2] . In general, the OSCs consist of light absorbing and charge transporting organic semiconducting materials sandwiched between an anode and a cathode [1] . Under illumination, the charges in OSCs are generated in the active layer through photo-excitation. In order to accelerate OSC commercialization, however, the device efficiency as an essential and crucial parameter in OSCs needs to be improved. Many methods have been proposed to improve performances of OSCs, such as making ohmic contact, lowering the serial resistance, inserting interfacial and blocking layers [3] . Among the anticipated methods, engineering the interface between the cathode and the light absorbing layer is an important factor determining the OSC efficiency [4-5]. The insertion of an ultra-thin insulating interfacial layer, such as LiF, CsF, NaF between the organic layer and the cathode resulted in a dramatic improvement of the OSC performance [6] [7] . We have already reported that the OSCs with anhydride cathode interfacial layer such as pyromellitic dianhydride (PMDA) shows enhanced performance [8] .
In this study, photovoltaic enhancements of the OSC with the LiF and PMDA bilayered interfacial layer between the light absorbing layer and the cathode were investigated.
Experiments
The schematic OSC structure used in this experiment is shown in Fig. 1(a) . Fig. 1(b) shows the molecular structure of pyromellitic dianhydride (PMDA). The device was fabricated on the patterned indium tin oxide (ITO) bottom electrodes having a sheet resistance of ~ 10 Ω/sq. A 20nm thick poly(3,4-ethylenedioxythiophene) doped with poly(styrenesulfonate) (PEDOT:PSS) as the hole transport layer was spin-coated on ITO glass and the active layer, poly (3-hexylthiophene-2,5-diyl (P3HT) and [6, 6] -phenyl C 61 butyric acid methyl ester (PCBM) blend with a mass ratio of 1:4 dissolved in chlorobenzene (4.0 wt%), was also spin-coated on the PEDOT:PSS layer. Then, the cathode interfacial structure of the LiF single layer or the LiF/PMDA bilayer was deposited using thermal evaporation technique. 
Advanced Materials Research Vols. 415-417
The current density-voltage curves and the impedance cole-cole plots for the various cathode interfacial layers between the P3HT+PCBM layer and the Al layer are shown in Figs. 2(a) and (b), respectively. Compared to the OSC without a cathode interfacial layer, OSC (Al), and the OSC with a LiF single cathode interfacial layer, OSC (LiF), having a power conversion efficiency (PCE) of 1.35 % and 1.72 %, respectively, the OSC with the LiF/PMDA bilayer cathode interfacial structure, OSC (P/L), exhibited a PCE value enhanced to 2.08 % under an illumination condition of 100 mW/cm 2 (AM1.5) in Fig. 2(a) . The device with LiF/PMDA bilayer cathode interfacial layer exhibited a higher J sc compared to the device without cathode interfacial layer and with a LiF single cathode interfacial layer. This is believed to be due to the fact that the PMDA layer acts as an effective exciton blocking layer which facilitates the enhancement of the current density under illumination. According to the measured Cole-Cole plot in Figs. 2(b) , the radius of the semicircle for the device with LiF/PMDA bilayer cathode interfacial layer is smaller than those of the devices without the cathode interfacial layer or with the LiF single cathode interfacial layer, which implies a lower impedance value of the OSC device with LiF/PMDA bilayer cathode imterfacial layer in the low frequency regime.
Summary
In summary, we investigated the performance enhancement of OSCs with PMDA anhydride cathode interfacial layers between the P3HT+PCBM light absorbing layer and the Al cathode. The OSCs with the LiF/PMDA bilayered cathode interfacial layer showed improved photovoltaic performances compared to the OSC without a cathode interfacial layer or with a LiF single layer. Increase of the J sc and and derease of the impedance value were measured by analyzing current density-voltage(J-V) curve and impedance Cole-Cole plot, respectively. These results indicate that the insertion of a LiF/PMDA bilayered cathode interfacial layer can enhance interfacial property of OSCs.
